Although 10% -15% of patients with AIDS in the United States may acquire cryptosporidium infection, little data exist on clinical or histological characteristics that differentiate clinical outcomes. A case-control study of 83 HIV-positive adult patients with cryptosporidiosis was conducted, as was a histopathologic review of data on gastrointestinal biopsy specimens from 30 patients. Four clinical syndromes were identified: chronic diarrhea (36% of patients), choleralike disease (33%), transient diarrhea (15%), and relapsing illness (15%). A multivariate analysis of data for cases and controls revealed that acquiring cryptosporidiosis was associated with the presence of candidal esophagitis (odds ratio [OR], 2.53; P õ .002) and Caucasian race (OR, 6.71; P Å .0001) but not with sexual orientation. Cases had a significantly shorter duration of survival from the time of diagnosis than did controls (240 vs. 666 days, respectively; P Å .0004), which was independent of sex, race, or injection drug use. Antiretroviral use was protective against disease (OR, 0.072; P Å .0001). All four clinical syndromes were represented among the histological data. There was no statistically significant correlation between histological intensity of infection and clinical severity of illness.
Cryptosporidiosis is infection with a coccidian parasite evaluation that contain a pathogen. We identified all patients whose pathological potential in humans was only first identified with laboratory-confirmed cryptosporidiosis from April 1985 in 1976 [1, 2] . Immunocompetent hosts usually manifest a selfthrough December 1995. Diagnosis in the laboratory was made limited diarrheal disease, whereas immunocompromised hosts with auramine staining of formalin-treated concentrated stool have a wide spectrum of disease ranging from asymptomatic sediment and was confirmed by modified Kinyoun (carbol carriage [3, 4] to choleralike illness [5] . Cryptosporidiosis defuchsin) staining. Prior experience in our laboratory indicated velops in an estimated 10% -15% of patients with AIDS in the that these methods had diagnostic sensitivities and specificities United States [6, 7] and 30% -50% of patients with AIDS similar to those of the immunofluorescence assay for in the developing world [8 -10] . Despite its high prevalence cryptosporidia (Meridian Diagnostics, Cincinnati, OH) [11] . worldwide and its morbidity in immunocompromised hosts, HIV-infected patients who were 18 years of age or older and many epidemiological parameters of cryptosporidiosis remain had confirmed cryptosporidiosis were selected for the study. to be identified. Furthermore, histological correlates of the clinAll 66 HIV-negative patients were excluded. ical spectrum of the disease are lacking in the literature. Data were abstracted from the patients' hospital and outpaTo identify clinical, demographic, and histological factors tient charts by one of two reviewers (Y.C.M. and H.R.D.) that influence the acquisition of cryptosporidiosis in patients with use of data-collection instruments designed for this with AIDS and the subsequent clinical course, we reviewed study. Information on death was obtained from patients' patient charts and data on endoscopically obtained gastrointescharts and from a separate death registry maintained by the tinal biopsy specimens from HIV-infected patients with laboraJohns Hopkins HIV Clinic that receives reports from families, tory-confirmed cryptosporidiosis.
other medical institutions, funeral homes, and local coroners. In addition, death records from the Maryland Bureau of Vital
Methods
Records and the National Death Index were searched for those patients whose vital status remained undetermined for (table 2) . Thirty-six percent reviewed by two pathologists (J.A.L. and D.P.C.). Histologic of patients had chronic diarrhea of variable severity, 33% had review and grading were done without the reviewer's knowlsevere choleralike diarrhea, 15% had transient diarrhea, and edge of the clinical course. For the purposes of this study, eight 15% had relapsing illness. In addition to diarrhea, the most patients for whom there were no available clinical data were common symptoms included nausea (55% of patients), vomexcluded. Two children were also excluded. Intensity of infeciting (51%), weight loss (40%; mean weight loss {SD, 13.6 tion was graded by the percentage of epithelial cells infected {8.6 kg), and orthostatic hypotension (36%); 36% of patients with cryptosporidia.
had fevers. The percentage of patients without other concurrent enteric infections who reported fever remained the same. There was no statistically significant difference between clinical Statistical Analysis groups in terms of the mean survival time associated with each Statistical analysis was completed with Epi-Info (Centers clinical syndrome. Furthermore, the CD4 cell count could not for Disease Control and Prevention, Atlanta) and SAS (SAS be distinguished as a prognostic parameter in our study as all Institute, Cary, NC). Analysis of variance for normally distribpatients for whom it was measured had a CD4 cell count of uted data was performed by Kruskal-Wallis tests. Dichotomous õ200/mm 3 . variables were analyzed by the x 2 test and Fisher's exact test. Comparisons of survival between cases and controls were per-
Case-Control Study
formed by the Kaplan-Meier method; differences between the two groups were compared by the logrank test. For cases,
The clinical characteristics of the 68 cases and 129 controls are presented in table 3. There was no difference between cases the origin of cryptosporidiosis was defined as the time of the and controls in terms of the proportion of men, mean age, or was statistically significant (P Å .0004). Results were not statistically different when cases with and without concurrent pathomean CD4 cell counts (P ú .05). Univariate analysis revealed that Caucasian race was strongly associated with the presence gens were compared with controls. As previously shown with use of the database of the Johns Hopkins HIV Clinic, injection of disease (P Å .001), as was the diagnosis of candidal esophagitis (P Å .007). Antiretroviral use appeared to be protective drug use and race did not significantly alter these estimates and were not independently associated with the duration of against disease (P Å .001). It is interesting that sexual risk behavior for HIV infection was not clearly associated with survival [12] . the acquisition of disease. However, nonheterosexual behavior (i.e., homosexuality or bisexuality) trended toward an associaHistopathologic Analysis tion with cryptosporidiosis (P Å .054).
A multivariate logistic regression analysis of data for cases All four clinical syndromes were represented among the data on gastrointestinal biopsy specimens from 30 adult patients. and controls confirmed that both the presence of candidal esophagitis and Caucasian race were independently associated Of these patients, 40% (12) had choleralike illness; 27% (8), chronic diarrhea; 17% (5), relapsing illness; and 3% (1), tranwith the acquisition of disease (OR, 2.53; 95% CI, 1.19 -5.41; P Å .0016; and OR, 6.71; 95% CI, 2.93 -15.35; P Å .0001; sient diarrhea. There was no statistically significant correlation between intensity of infection and severity of illness. Notably, respectively). In addition, the use of antiretrovirals was independently protective against disease (OR, 0.072; 95% CI, 0.03 -there were eight patients whose biopsy specimens were obtained during upper and lower gastrointestinal endoscopy; all 0.17; P Å .0001).
The relative time to death of cases and controls was comeight patients had choleralike or relapsing diarrhea. It is interesting that CMV was noted in endoscopically obtained specipared by the Kaplan-Meier method (figure 1). The median duration of survival for patients with cryptosporidiosis was 240 mens from 14 (47%) of the 30 patients. Cryptosporidium and CMV were found in specimens from the same site in seven days (95% CI, 109 -337 days), and that for controls was 666 days (95% CI, 592 -817 days). By the logrank test, this result (50%) of these patients. No statistically significant histological NOTE. Unless stated otherwise, data are no. of patients with characteristic/total no. of patients for whom data were available (%).
* Semi-formed, taking the form of the container into which it was placed; soft, formed; variable, different consistencies; watery, little to no formed contents.
correlates to clinical syndrome were noted with respect to the nature and intensity of the inflammatory response; however, to fulminant choleralike illness. In our study, we showed a predominance of chronic and choleralike disease as compared of the course of cryptosporidium infection in very young children in developing countries [21, 22] . with previous series [19] . As in other retrospective studies, there was an inherent selection bias for our cohort because Among the cases, Caucasians were more likely to be homosexual (P õ .01). Univariate analysis of data for cases and inpatient charts are more easily located and more likely to contain complete information. Patterns of referral to a large controls failed to confirm sexual orientation as a predictor of disease, however. It is interesting that nonheterosexual practertiary care hospital may also be a contributing factor. Furthermore, 88% of our patients had AIDS-defining illnesses other tices trended toward a positive correlation with the acquisition of disease (P Å .054). Therefore, larger prospective studies than cryptosporidiosis, and the CD4 cell count for all patients for whom results were available was õ200/mm 3 . Flanigan et may highlight homosexuality as the underlying reason for the correlation of Caucasian race with the acquisition of cryptoal. [20] previously showed that patients with CD4 cell counts of ú180/mm 3 were more likely to have transient or self-limited sporidiosis. Other possible contributory risk factors for cryptosporidiosis, such as personal hygiene, nutritional status, water disease. Nevertheless, in our study, the clinical category did not correlate with the CD4 cell count, and, surprisingly, sursources, and zoonotic exposures, are not readily extracted from a retrospective chart review and warrant further consideration vival times did not differ significantly between clinical categories.
in subsequent studies. Candidal esophagitis was also an independent predictor of A multivariate logistic regression analysis of data for cases and controls revealed that Caucasian race was an independent disease and was noted in 57% of 83 patients. A high rate of candidal esophagitis was also reported by Blanshard et al. [19] risk factor for the acquisition of cryptosporidiosis regardless of sexual orientation. Certain demographic factors did differ who found that 44% of those patients with cryptosporidiosis also had candidal esophagitis, compared with an overall rate between the cases and controls and may have been related to the differences in the study period between cohorts (i.e., cases of 23% in their clinic. These findings may represent a marker of mucosal changes or a specific alteration in gastrointestinal were identified beginning in 1985, whereas controls were identified from the Johns Hopkins HIV Clinic [which was begun immunity such that cryptosporidial organisms are more likely to invade. in 1989]). To control for this difference, we reanalyzed the data excluding patients for whom cryptosporidiosis was diagnosed
The percentage of patients with concomitant enteric infections (37%) in the study by Blanshard et al. [19] was also before 1989. We found no difference in the results of the univariate or multivariate analysis. Therefore, our finding of similar to that in our study (33%). Of the 30 patients whose biopsy specimen findings were reviewed, 47% had coinfection Caucasian race as an independent risk factor for cryptosporidiosis suggests that host or genetic factors may have some influwith CMV; Cryptosporidium was identified in specimens from the same site in one-half of the patients with CMV infection. ence on the acquisition of disease and the subsequent clinical course. This finding is in agreement with recent observations
This association raises the possibility that CMV may predispose these patients to the acquisition of cryptosporidiosis or vice less immunocompromised controls, reanalysis of our data to compare survival of cases and controls with AIDS-defining versa. We found no statistically significant correlation of clinical course with CMV coinfection, but further prospective cliniopportunistic infections revealed that the results of the survival analysis did not change (data not shown). Thus, cryptosporidial cal studies are warranted. Furthermore, previous studies have shown that multiple stool specimens are required to detect some infection appears to predict a significant survival disadvantage independent of race, sex, drug use, and comorbid opportunistic gastrointestinal pathogens associated with chronic diarrhea in patients with AIDS (i.e., Microsporidia) [9] . Coinfections with infections.
As previous series have noted, no statistically significant organisms such as Microsporidia may have been underdiagnosed in this and previous series, and these infections may correlation between intensity of infection or inflammation and severity of disease or clinical syndrome could be identified affect disease acquisition, clinical course, and outcome. There were no statistically significant demographic or clinical differin our study [30, 31] In the eight patients whose biopsy specimens were obtained during upper and lower gastrointestinal endoscopy, small bowel of increases in CD4 cell count, similar to evidence suggesting that these agents may have antibacterial activity [24] . Of the 33 disease predominated (a finding consistent with the hypothesis that small bowel infection is usually crucial in the expression patients receiving antiretroviral therapy, four were also being treated with a nucleoside analogue other than zidovudine, and of clinical cryptosporidiosis). The three patients who had widespread infection with a high organism load (without other idenonly two were being treated with regimens that did not include zidovudine. One of these two patients was receiving treatment tifiable gastrointestinal infections) had fulminant choleralike illness. In contrast to the observation of Kotler et al.
[32], with a dual regimen that included a protease inhibitor and had choleralike diarrhea that spontaneously resolved with an isolated colonic cryptosporidiosis was seen in only one patient who had CMV coinfection, thus suggesting that enteric infecincreased CD4 cell count.
Since the recent routine use of triple-antiretroviral therapy, tion with CMV may have played a significant role in changing this host's mucosal immunity or in rendering the colonic gastrothe number of cases of cryptosporidiosis has declined dramatically at our institution. From January through December of intestinal mucosa more susceptible to persistent cryptosporidial infection [33, 34] . Alternatively, differences in parasite viru-1997, only three cases of HIV-related cryptosporidiosis were reported (compared with previous reports of 15 -20 cases per lence could contribute to these observations. We are currently investigating the genotypes of cryptosporidia recovered from year). HIV clinics have reported a dramatic decline in the number of cases of all opportunistic infections since the advent this cohort to investigate the genetic variability of the organism and its relationship to clinical outcome. of aggressive antiretroviral therapy [25] . This decline in the number of cases of cryptosporidiosis could also be due, in part, Four distinct clinical syndromes of cryptosporidiosis in patients with AIDS emerged from our study and previous series to the routine use of weekly azithromycin as prophylaxis for M. avium complex infection, since this agent has been shown [19] . Independent of the CD4 cell count, the diagnosis of cryptosporidiosis portends a worse prognosis with a clear survival to have in vivo activity against Cryptosporidium in animal studies and limited case reports [26, 27] . In a recent observadisadvantage. Caucasian race and candidal esophagitis were independent predictors of disease, while antiretroviral use was tional study, clarithromycin and rifabutin were effective chemoprophylactic agents against cryptosporidiosis [28] .
protective against disease. Histopathologically, dual enteric infections, especially those with CMV, were common in our In our study, we found a significant survival disadvantage for patients with cryptosporidial disease. This finding is in series. Therefore, severity of cryptosporidiosis appears to be multifactorial, with host or parasite genetic factors, gastrointesagreement with those of other investigators who noted that chronic diarrhea is an independent marker of poor prognosis tinal changes (perhaps mediated by coinfecting organisms), and host immunity playing crucial roles in the acquisition of disease in patients with AIDS [8, 29] . Chaisson et al. [12] previously reported that disease progression in patients with HIV infection and the subsequent clinical course. is not related to race, sex, drug use, or income after stratification by a CD4 cell count of 200/mm 3 . We found that despite a
